Context: Cyanide poisoning may be caused by acetonitrile, a common industrial organic solvent and laboratory agent.
INTRODUCTION
Cyanide poisoning may be caused by acetonitrile, a common industrial organic solvent and laboratory agent that has been used in cosmetic nail polish remover. Previous reports of acetonitrile intoxication after inhalation or oral ingestion in 23 patients have included 8 deaths.
1,2 Acetonitrile initially is slowly metabolized by cytochrome P450 2E1 (CYP2E1) to cyanohydrin, which is broken down by catalase to form cyanide and formaldehyde ( Figure 1 ). 3 Cyanide may be transformed by rhodanese to the less toxic thiocyanate, but this reaction may be delayed by the depletion of substrates such as thiosulfate necessary for this reaction. 1 Cyanide also may be neutralized by binding to dicobalt edetate or reaction with hydroxocobalamin ( Figure 1 ). was not initiated because the criteria for toxic alcohol treatment were not met and the ethanol blood level was well above the therapeutic range for treatment of toxic alcohols.
Toxicology blood screening was negative for tricyclic antidepressants, salicylates, paracetamol, benzodiazepines, barbiturates, phenothiazines, opioids. Gas chromatography-mass spectrometry showed the presence of venlafaxine. The presence of methanol and ethylene glycol in blood was excluded with gas chromatography with flame ionization and gas chromatography-mass spectrometry respectively. Urine toxicology testing was negative for paraquat and para nitrophenol.
Gas chromatography with flame ionization suggested that the elevated osmolal gap was caused by acetone.
The cholinergic crisis subsided and the patient was extubated 10 hours after admission.
However, he developed agitation and severe lactic acidosis 12 hours later necessitating reintubation This case suggested that disulfiram was a useful antidote for acetonitrile poisoning.
Therefore, the effect of disulfiram was evaluated in human liver microsomes in vitro. Human liver microsomes (BD UltraPool, BD Biosciences, Billerica, MA) were incubated with acetonitrile (600 mM) and the effect of disulfiram (1.35 µM) was studied using a modification of a previously described protocol. 6 Cyanide was measured as previously described. 7 The concentration of disulfiram used corresponded with free plasma concentration in humans. On 3 different days, experiments were performed with 18 samples (9 samples with and 9 samples without disulfiram). The mean cyanide concentration was significantly lower after incubation with acetonitrile and disulfiram (mean ± SD; 4 ± 3 μM) than acetonitrile alone (10 ± 3 μM; one-sided t test, P ≤ .001); disulfiram caused a mean 60% reduction in cyanide level (Figure 3 ).
DISCUSSION
The patient presented with a cholinergic toxic syndrome and developed severe metabolic acidosis that was caused by acetonitrile and that responded temporarily to repeated administration of hydroxocobalamin and sodium thiosulfate. After relapse of metabolic acidosis, treatment with disulfiram caused a slowing of cyanide production and resolution of the toxic syndrome.
A high index of suspicion is necessary in treating patients who have acute poisoning. In the present patient, the elevated osmolal gap was initially attributed to acetone but later shown to be caused by acetonitrile. Misdiagnosis because of close retention times between different substances on chromatography has been reported previously. 1, 8 Acetonitrile intoxication might have been suspected earlier if accurate information had been available about substances present at the scene of the poisoning. In addition, a high index of suspicion is necessary with a clinical course that is atypical for the suspected toxic substance, and multiple substances may be used in self intoxication.
In this case, the suspicion about the presence of a second substance occurred from routinely available tests used to evaluate and monitor acute poisoning, including the osmolal gap, blood gases, and lactate level.
The clinical course was remarkable for the delayed onset of symptoms. After acetonitrile exposure, patients typically remain well for several hours before developing signs of cyanide poisoning. This delay may be explained by the metabolism of acetonitrile, which is broken down by CYP2E1 and catalase to form cyanide ( Figure 1 ). 6, 9 In addition, ethanol may prevent toxicity of nitriles by inhibiting the formation of cyanide. 10 This may be attributed to competition between ethanol and acetonitrile for CYP2E1 and competition between ethanol and cyanohydrin for peroxidation by catalase ( Figure 1 ). 6 The prolonged delay in the development of symptoms in the present patient (24 hours) compared with other cases (3 to 12 hours) 1,2 may have occurred because of ethanol.
The present case illustrates the importance of understanding the mechanism of toxicity, especially because some poisonings from toxins such as acetonitrile are rare with limited previous reports. The combination of hydroxocobalamin and sodium thiosulfate is based on the neutralization of cyanide by binding to hydroxocobalamin to form cyanocobalamin and the conversion of cyanide and thiosulfate to thiocyanate, catalyzed by rhodanese (Figure 1 ). The combination of these 2
antidotes is beneficial because they have negligible adverse effects and they are the antidotes of choice for cyanide poisoning. 11, 12 The same combination has been used successfully in a patient after severe poisoning with propionitrile, another cyanogenic compound. 13 The duration of antidote treatment should be sufficiently long because of the slow elimination of acetonitrile. 2 The need for repeated administration of antidote for 5 days after acetonitrile poisoning has been previously reported, but time course may vary ( Figure 2 ).
1,2
Disulfiram has been proposed as an inhibitor of CYP2E1-mediated toxification of volatile solvents. 14 Before administration of disulfiram, bicarbonate levels decreased, which suggested ongoing formation of cyanide and/or of formate which unfortunately was not analyzed (Figure 2 ).
Disulfiram is a strong inhibitor of CYP2E1 in humans and may be useful in treating halothane toxicity mediated by CYP2E1 and toxicity from industrial solvents (Figure 1 ). [14] [15] [16] The disulfiram-mediated decrease in acetonitrile metabolism was less harmful than the formation of cyanide because nonmetabolized acetonitrile itself has little toxicity. 17 Disulfiram is contraindicated in patients who are simultaneously poisoned with ethanol and acetonitrile, but fomepizole may be considered for treatment of disulfiram-ethanol reactions. 18 In the present patient, disulfiram was used more than 6 days after exposure to acetonitrile and ethanol, and the elevated ethanol level presumably had The maximum cyanide level in the present patient (30 μg/mL) exceeded the highest value previously reported in acetonitrile poisoning (17 μg/mL). 1 Although cyanide blood levels > 3 μg/mL are considered potentially lethal, the patient survived. 20 Previous studies in mice suggested that there is no relation between blood cyanide level and lethality, and brain (not blood) cyanide levels may be the best indicator of lethality. 3, 21 Nevertheless, there may be large overlap of cyanide blood levels between patients who survive or die after acetonitrile exposure. 
